Objective: The international, first-line diagnostic test for adult GH deficiency is the insulin tolerance test (ITT), which is contraindicated in some patients due to severe adverse events. Alternatives such as GH-releasing hormone combined with arginine or GH-releasing peptides (GHRP) have been proposed. We validated the use of GHRP-2 for diagnosing adult GH deficiency (GHD). Methods: Seventy-seven healthy subjects and 58 patients with peak GH!3 mg/l by ITT were enrolled. After overnight fasting, a 100 mg dose of GHRP-2 was administered intravenously; blood samples were taken during the subsequent 2 h and GH measured by immunoradiometric assay. Results: Serum GH peak occurred within 60 min after GHRP-2 administration in all subjects. GH responses to GHRP-2 were not affected by gender, but were slightly lower in elderly subjects and those with adiposity, although these did not influence diagnosis of GHD. Repeated tests showed favourable reproducibility. Peak GH concentrations after GHRP-2 were significantly (P!0.001) lower in patients (1.36G2.60 mg/l) than the healthy group (84.6G60.9 mg/l) with no difference between hypothalamic and pituitary diseases. Serum GH concentration at the point where sensitivity of response crossed with specificity ranged from 15 to 20 mg/l. A cut-off value of 15 mg/l for diagnosing GHD with GHRP-2 corresponded to the diagnostic value of 3 mg/l in the ITT. Conclusions: The GHRP-2 provocative test showed favourable reproducibility and was mildly influenced by age and adiposity. Severe GH deficiency could be diagnosed with high reliability using a 15 mg/l (9 mg/l when GH calibrated with recombinant World Health Organization 98/574 standard) cut-off for peak GH concentration.
Introduction
With the increasing worldwide recognition that growth hormone (GH) therapy is required at all stages of life for patients with GH deficiency (GHD), accurate diagnosis is required before commencing long-term treatment. GHD, in both adults and children, is diagnosed biochemically by provocative tests of GH secretory reserve (1) ; the insulin tolerance test (ITT) was accepted as the international, first-line diagnostic test of choice according to the consensus guidelines for the diagnosis and treatment of adults with GHD (2) . The diagnostic criterion for GHD severe enough to warrant therapy was defined as a peak serum GH concentration (C max ) less than the arbitrary cut-off of 3 mg/l with the ITT (2) .
An advantage of the ITT is that it allows the evaluation of the complete hypothalamic-pituitarysomatotroph axis, making it useful in patients with both hypothalamic and pituitary disease. However, there are a number of disadvantages to this test. GH secretion is induced by hypoglycaemia, so there is a potential for hypoglycaemia-related adverse reactions (3) . It is contraindicated in patients with coronary or cerebrovascular disease, a history of ischaemic heart disease or any convulsive disease and particular attention is needed for the elderly (3). Furthermore, it was reported that the reproducibility of the GH response in an ITT was not sufficient (4-6); a false-negative result, suggestive of insufficient GH secretion, was sometimes obtained even in normal subjects and this was particularly influenced by age and adiposity (7) . ITT needs multiple blood sampling and requires close monitoring of patients for several hours in a specialised investigation unit. Thus, there is a need for a simple effective test to establish GHD.
Many other GH provocative tests are employed in clinical practice. The combination of arginine plus GH-releasing hormone (GHRH) has been proposed as a useful, reproducible, alternative test to the ITT (8, 9) . It is not affected by age but by gender and adiposity (9, 10) . Patients with primary hypothalamic disease, such as radiation-induced GHD, may exhibit false-positive responses to the arginine plus GHRH test (11, 12) .
Use of a group of peptides called GH-releasing peptides (GHRP) has also been investigated, either alone or in combination with GHRH (13) (14) (15) . GHRPs are synthetic secretagogues (16) that elicit a dose-dependent and specific GH release by binding to a specific receptor, for which ghrelin has been shown to be the natural ligand (17) . The combined GHRH plus GHRP test has been shown to be well tolerated and sensitive in diagnosing GHD (13) (14) (15) . The influences of age and adiposity have been investigated (18, 19) , but more studies are needed to confirm these findings. GHRP-2 has the structure:
D-phenylalanyl-L-lysinamide dihydrochloride and is one of the most potent GHRPs (20) . Pre-clinical studies demonstrated that its GH-stimulating effect was attenuated when the hypothalamic/pituitary gland connection was impaired (21, 22) . In the present communication, we report clinical studies in GHdeficient patients, as well as healthy adult subjects, to validate the use of a single dose of GHRP-2 as a diagnostic agent for GHD resulting from hypothalamic or pituitary disease.
Subjects and methods

Subjects
A total of 135 subjects were enrolled in this study, comprising 58 patients previously diagnosed as having severe GHD, from a peak serum GH value of !3 mg/l in ITT, and 77 healthy adult subjects enrolled as a control group. Patients were excluded from the study for the following reasons: accompanying hypothyroidism or central diabetes insipidus not treated with adequate substitution therapy, receiving a GH preparation, presence of a chromosome abnormality or a serious complication and pregnancy or possible pregnancy. Efforts were made to recruit patients with hypothalamic and pituitary stalk diseases in the study to validate the efficacy of GHRP-2. Prior to starting the study, approval was obtained from the Institutional Review Board of each medical institution and written informed consent was obtained from each subject.
The 77 healthy subjects included 53 males and 24 females, with an age range from 20 to 76 years (median: 26 years) and a body mass index (BMI) ranging from 13.9 to 36.2 kg/m 2 (median: 22.0 kg/m 2 ). The subjects included six males, who were classified as overweight (obesity grade 1 by Japanese criteria (23) . There were no statistically significant differences in gender or age between the healthy control subjects and the GH-deficient patients; however, the BMI was significantly higher in the patient group (PZ0.001). Table 1 shows the pertinent clinical data of the patients with GHD; serum IGF-1 S.D. score was calculated according to the recently established normative data from 1110 healthy Japanese adult (24) . The most common tumour was germinoma (nZ18) reflecting the relatively high prevalence of this tumour type in Japan (25) . Two out of the thirteen patients with craniopharyngioma and all 18 with germinoma had previous cranial irradiation. GHRP-2 test A single dose of GHRP-2 (KP-102, Kaken Pharmaceuticals, Tokyo, Japan) was given to each of the subjects under fasting conditions. The GHRP-2 was administered intravenously at a dose of 100 mg. In order to investigate the reproducibility of GH secretion induced by GHRP-2, three doses (25, 50 and 100 mg) were re-administered to 21 healthy subjects with 4-week washout periods between testing. Blood samples were taken before and 15, 30, 45, 60, 90 and 120 min after GHRP-2 administration and the serum GH concentrations were determined. For evaluation of safety of GHRP-2, blood pressure and heart rate were measured and laboratory tests of haematology and blood chemistry were performed before and after administration.
GH determination
GH concentrations were measured using an IRMA kit (Daiichi Radio Isotope Research Institute, Tokyo, Japan) calibrated with GH standard WHO IRP 66/217. The peak values of serum GH concentration (C max ) were standardised with the formula established by the Foundation for Growth Science in Japan to adjust for the inter-assay kit variations (26) . However, recent changes have resulted in the use of a new standard, WHO 98/574, in Japan, whereby vales are to be revised by multiplying by 0.6 (27) . Values below the detection limit (!0.05 mg/l) were handled as 0.05 mg/l.
Data analysis
The data were expressed as meanGS.D. if normally distributed or as median and ranges if the data were skewed. Differences between groups were examined by c 2 or t-tests. Kruskal-Wallis one-way ANOVA was used to compare normally distributed multiple independent groups, whereas ANOVA on ranks was used if the data were skewed. A P value !0.05 was taken as significant. The receiver-operating characteristics (ROC) and sensitivity-specificity curves were investigated to establish the standard C max value for diagnosis of GH deficiency with GHRP-2. For evaluation of two-variable conformance, the figure obtained by plotting the difference between C max values (logarithm) of serum GH obtained with GHRP-2 and insulin against each mean C max value (logarithm) (Bland-Altman plot; (28)) was used for the comparison of response intensity between GHRP-2 and insulin.
Results Figure 1 shows the serum GH C max value in each subject after the administration of GHRP-2. In the control group, the C max was 87.4G62.9 mg/l (range: 15.9-345.1 mg/l; median: 69.9 mg/l). In the patient group, the C max for serum GH was 1.36G2.60 mg/l (range: 0.05-14.8 mg/l; median: 0.38 mg/l). The C max value was significantly higher in the control group than in the patient group (P!0.001) and was not more than 15 mg/l in any of the 58 patients, but was not !15 mg/l in any of the 77 subjects in the control group.
The influences of age, gender and adiposity on GH response to GHRP-2 were analysed for all 77 control subjects and the results are shown in Table 2 . There were no significant differences in GH C max between males and females in the age range 20-59 years, and between preand post-menopausal females in the age range 40-59 years. A small differences in the C max of serum GH was observed between males and females aged over 60 years (PZ0.030). Among the three age groups assessed, significant differences were observed; the GH C max was higher in the age group of 20-39 years than in the age group of 40-59 years (P!0.001) and over 60 years (P!0.001). A significant difference was also observed between overweight (BMIR25 kg/m 2 In 21 male control subjects, aged 20-29 years, various doses of GHRP-2 (25, 50 and 100 mg) were administered twice to investigate the reproducibility of GH response. The correlation between peak GH values from the first and second injections are shown in Fig. 2 . Marked interindividual variations of GH responses to GHRP-2 appeared to blunt the dose-related increase in GH secretion. However, the Spearman correlation coefficient for C max was 0.89, indicating favourable reproducibility. Figure 3 shows a scatter diagram in which the 58 patients with a peak serum GH value !3 mg/l in the ITT are plotted on the horizontal axis, in the increasing order of C max , with the corresponding serum GH C max values after administration of GHRP-2. Most of the patients, whose C max value was less than the detection limit in the ITT showed almost no response to GHRP-2 and seven of the patients, whose C max was higher than 0.5 mg/l in the ITT showed a C max value higher than 3 mg/l in response to GHRP-2.
GHD patients were divided by underlying primary causes according to the presumed hypothalamic or pituitary origin. Presumed hypothalamic causes were craniopharyngioma, germinoma, pituitary stalk transection and other hypothalamic tumour such as Langerhans cell histiocytosis; presumed pituitary causes included pituitary adenoma, Sheehan syndrome and other causes. Figure 4 summarises the results of C max in control subjects and in patients with presumed primary hypothalamic and pituitary diseases according to the age group of 17-39 years or R40 years. Both hypothalamic and pituitary diseases showed equally attenuated GH responses to GHRP-2 irrespective of the age. Table 3 shows the results for peak serum GH in patients with GHD and in controls stratified by age and BMI because C max was dependent on both parameters in healthy subjects. There was no overlap between peak GH values in the patient group and the corresponding control group. Table 4 shows the time of peak serum GH Table 2 Effects of age, gender and menopause, and age and body mass index (BMI), on peak serum growth hormone (GH) concentration (C max ) following GH-releasing peptides-2 administration to healthy control subjects. Figure 2 Correlation between peak GH values after the first and second injections of GHRP-2, at doses of 25, 50 and 100 mg, in healthy control subjects.
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www.eje-online.org concentration (T max ) after the administration of GHRP-2. The peak value was seen within 15 min after administration in 74% (43/58) of the GH-deficient patients and within 30 min in 88% (68/77) of the control subjects. The peak value was seen within 60 min after the administration in all 132 subjects, except for three of the control group who showed GH peak at 60 min after GHRP-2 administration. When the serum GH concentration at 30 min (C 30 min ) was compared with the peak serum GH concentration (C max ) during the GHRP-2 test, both values were almost of the same magnitude (Fig. 5) with no overlap for C 30 min between the patient and control group.
In order to set a cut-off value for diagnosis of GHD with GHRP-2, the sensitivity and specificity on changing the assumed cut-off value were evaluated as an ROC curve and as a sensitivity-specificity curve. The AUC of the ROC curve was close to 1 (Fig. 6) , confirming that GHRP-2 showed high precision as a diagnostic agent for GH secretory capacity. In the sensitivityspecificity curve (Fig. 6) , the serum GH concentration at the point where the sensitivity crossed with the specificity, i.e. the borderline value showing both high sensitivity and high specificity, ranged from 15 to 20 mg/l, if all patients were included. This was consistent with the results of the Bland-Altman analysis (data not shown) performed to compare the GH secretory capacity of GHRP-2 with that of insulin. The mean difference in C max of serum GH between GHRP-2 and insulin was 0.702; in retro-conversion, this means that the GH secretion capacity of GHRP-2 was 5.03 times higher than that of insulin. Based on the above results, it was considered reasonable to set the cut-off value for diagnosis of severe GHD with GHRP-2 at 15 mg/l, corresponding to the cut-off value of 3 mg/l for the diagnosis by ITT.
The adverse reactions noted after the administration of GHRP-2 are shown in Table 5 . Adverse reactions were reported by 31 of the 58 subjects (53.4%, 45 episodes) in the patient group and 23 of the 77 subjects (29.9%, 34 episodes) in the control group, i.e. in 54 of the 135 subjects (40.0%, 79 episodes) in total. The major adverse reactions were hot flush, borborygmus and white blood cell count increase; all adverse events were mild, except one episode of sweating (moderate) in a healthy control subject, and all were transient and resolved without any treatment.
Discussion
The present findings show that a single dose of GHRP-2 elicited reproducible GH secretion in control subjects and that GH response is not influenced by gender but is affected by age and adiposity to some extent. Severe GHD can be diagnosed with high reliability using a cutoff of 15 mg/l for peak serum GH concentration in patients with both hypothalamic and pituitary diseases. Box and whisker plots representing peak GH responses (C max ) to GHRP-2 in control subjects (C) and GHD patients with presumed primary hypothalamic (H) and pituitary (P) diseases; the horizontal line in the box indicates the median, the lower and upper boundaries of the box indicate the 25th and 75th percentiles and error bars above and below the box indicate the 97.5th and 2.5th percentiles.
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The GHRP-2 test met the criteria reported to be necessary for the validation of a GH provocative test (29) , which are: i) to be potent and reproducible, with reproducibility assessed in normal subjects, ii) the influence of gender, age and adiposity should be validated in control subjects, iii) effectiveness needs to be assessed in controls and patients, evaluated by ROC curve analysis, and iv) the cut-off point for the test should be established by ROC curve analysis and is the value that provides the best pairing of sensitivity and specificity.
The magnitude of GH response to GHRP-2 in control adult subjects was reproducible and consistent with previous studies (30, 31) . Rapid GH response to GHRP-2 may reduce the number of blood samples and time required for patients in the investigation unit. In the majority of control subjects, the peak occurred at 30 min and for most GH-deficient patients, it was earlier, at 15 min, but the GH values at 30 min were almost of the same magnitude as the peak values. Therefore, a single 30 min sample would provide similar diagnostic information on peak GH as that reported for the GHRH plus GHRP test (14, 15, 32) .
Gender had no significant influence on GH response to GHRP-2, but age-and adiposity-affected response in the present study. Previous studies using GHRP-6, hexarelin or ghrelin had shown that gender did not influence the GH response in control subjects (33, 34) . However, in older subjects aged 49-76 years, males were reported to respond better to GHRP-2 than females (35) , which is in agreement with our findings in control subjects O60 years.
With regard to age, our findings that GH response to GHRP-2 was reduced in control subjects over 40 years when compared with younger adults are in agreement with previous studies using hexarelin or ghrelin (33, 34) . However, GHRP-6 alone or combined with GHRH was not affected by age (13, 18, 36) . We could not explain why GHRP-6 was apparently not affected by age but GHRP-2 is.
Recent studies have shown that normative values of GH response to GHRH plus GHRP-6 should be defined according to the BMI (18, 19) . In our study, GH response to GHRP-2 was found to be affected by an increase in BMI. GH response was reduced but remained substantially preserved in control subjects of BMI over 25 kg/m 2 . Further investigation is needed to define normative data.
In our analysis of the sensitivity-specificity curves, comparing healthy subjects with GH-deficient patients, the serum GH concentration at the point where sensitivity crossed with specificity, i.e. the value showing high sensitivity and high specificity, ranged from 15 to 20 mg/l. The intended use of GHRP-2 is not mass screening but exact diagnosis of subjects highly likely to have the disease. Therefore, it was considered reasonable to set the cut-off value for diagnosis of severe GHD with GHRP-2 at the more stringent level of 15 mg/l and this cut-off value was provided 100% sensitivity and 100% specificity. The value was also consistent with results from tests using combined GHRP-6 and GHRH in lean subjects. GHRP-6 shows a weaker GH stimulating effect than GHRP-2 and requires augmentation with GHRH (37) . GHRP and GHRH act through different receptors and have a synergistic effect on GH secretion. Combined administration of GHRH and GHRP-2 has been suggested as a diagnostic test of GH deficiency (16) . However, our results may indicate that GHRP-2 alone is sufficient to evoke GH secretion.
The sites of action of GHRP are considered to be both pituitary and hypothalamus. Popovic et al. (38) have shown that about 16% of patients, who have had cranial radiotherapy may have hypothalamic-pituitary dysfunction, evident from a poor GH response to ITT, and Table 3 Peak GH concentrations (C max ) in response to GH-releasing peptides-2 in patients with GH deficiency compared with control subjects, stratified by age and body mass index. exhibit false-positive responses to the combined administration of GHRH plus GHRP-6. The same phenomena were also observed in the case of combined arginine plus GHRH (11, 12) . The comparative analysis of hypothalamic and pituitary diseases in the present study indicated that GHRP-2 could equally diagnose GHD of both types, similar to the ITT. However, more patients with mild GHD due to hypothalamic lesion are needed to clarify the sensitivity and specificity of GHRP-2 tests. The adverse reactions observed in the GHRP-2 provocative test were flushing, borborygmus and white blood cell count increase. All were transient and disappeared without treatment, indicating good safety profile of GHRP-2. Flushing and sweating were observed frequently in other studies with GHRP (15, 30, 34) . The endogenous GH secretagogue, ghrelin, was reported to enhance digestive tract movement (39) and GHRP-2 has similar effects to ghrelin in increasing appetite in humans (40) ; the borborygmus probably relates to the physiological effects on gastric motility.
In Japan, the guidelines for diagnosis of GH deficiency, issued by the Hypothalamic-Pituitary Dysfunction Study Group of the Ministry of Health, Labour and Welfare, states that at least two kinds of provocative tests are necessary to diagnose GHD. Diagnostic tests are performed using stimulating agents selected from among insulin, arginine, glucagon and L-DOPA for the diagnosis of adult GH deficiency. When the peak serum GH concentration is !3 mg/l in at least two different stimulation tests, severe GH deficiency is diagnosed. In the paediatric field, GH stimulating agents include clonidine in addition to those used in adults; severe GH deficiency is diagnosed when the peak serum GH concentration is !5 mg/l in at least two tests. GHRH has also been used as a diagnostic agent for GH deficiency, but the test is strongly influenced by the GH secretion-suppressing system (somatostatin). It is thought that many false-negative results are seen, that the GH response decreases with aging and the reproducibility of GH secretion is insufficient, with large inter-individual differences. GHRH test is, therefore, not included in the GH provocative tests specified in the Japanese guidelines. From the present result, we decided to include the GHRP-2 test as an alternative for diagnosing severe GHD in adults.
In conclusion, the provocative test with a single dose of GHRP-2 showed favourable reproducibility and was not influenced by gender. The decreased response with aging or adiposity did not affect the discrimination between healthy control subjects and GH-deficient patients, and the diagnostic capacity of GHRP-2 for severe GHD was very high irrespective of the hypothalamic or pituitary causes of diseases. From the results of this study, we would recommend a GHRP-2 dose of 100 mg intravenously and measurement of GH response at 30 min. Maximum specificity and sensitivity was achieved using a diagnostic cut-off value of 15 mg/l (9 mg/l when calibrated with GH standard WHO 98/574 as reference (27) ). Subsequent studies are needed to directly compare the utility of GHRP-2 and the combined GHRH plus arginine or GHRH plus GHRP as an alternative to the ITT. We believe that GHRP-2 is a useful and safe alternative diagnostic agent for severe GHD.
